whether nutrition status at admission predicts unplanned readmission or death in the very early or late period following hospital discharge in older patients.
Design, Setting and Participants
We prospectively recruited 297 patients ≥60 years presenting to the General Medicine Department of a tertiary care hospital in Australia.
Nutrition status was assessed at admission by using the Patient Generated Subjective
Global Assessment (PG-SGA) tool and patients were classified as either nourished (PG-SGA class A) or malnourished (PG-SGA class B and C). Multivariate logistic regression model was used to adjust for other covariates known to influence clinical outcomes, to determine whether malnutrition is a predictor for early (0-7days) or late (8-180 days) readmission or death following discharge.
Outcome measures
The impact of nutritional status was measured on a combined endpoint of any readmission or death within 0-7 days and between 8-180 days following discharge from hospital.
Results Within 7 days following discharge, 29 (10.5%) had an unplanned readmission or death whereas an additional 124 (50.0%) patients reached this combined endpoint within 8-180 days post-discharge. Malnutrition was associated with a significantly higher risk of combined endpoint of readmissions or death both within 7 days (OR Conclusions Malnutrition at the time of hospital admission is a significant predictor of readmission or death both in very early and late period following hospital discharge in older patients and nutritional state should be included in future risk prediction models.
Strengths and limitations of this study
• Large prospective observational study evaluating the association between nutritional status and readmission or death in medical inpatients ≥ 60 years
• Use of a comprehensive and valid nutritional assessment tool by a dietitian to confirm diagnosis of malnutrition
• Readmissions presenting to all other hospitals were captured
• Single-centre study included only older medical patients While the number of beds for acute patients has declined unplanned hospital admissions have increased, especially among the elderly. 1 Older patients with multiple comorbid illnesses experience poor clinical outcomes after discharge from hospital including recurrent unplanned readmissions and mortality. 2 Adverse outcomes following discharge may be indicative of unresolved acute illness, 3 ongoing chronic illness, 4 the development of new medical problems or gaps in outpatient care. 5 Although adverse outcomes following discharge are not totally preventable, studies does suggest that targeted intervention such as improved discharge planning with a focus on transitional care services may provide beneficial results. 6 The likelihood of an unplanned admission is highest in the immediate post discharge period, 7 so there may be advantages in predicting re-admissions that occur shortly after discharge. However, the majority of studies have only assessed readmission patterns within 30 days of discharge and very few studies have studied readmission patterns up to 180 days post-discharge. Grahams et al 8 Studies suggest that up to 30% of hospitalized patients may be malnourished at the time of admission 10 and malnutrition has a negative impact on convalescence, reduces resistance to future infections and diseases with consequent poor clinical outcomes.
11 12 However few studies have assessed the association between nutrition status at admission and clinical outcomes in the very early and late period following discharge from hospital. Moreover, the majority of these studies are retrospective and the use of a comprehensive nutritional assessment tool like Patient Generated Subjective Global Assessment (PG-SGA) to diagnose malnutrition is rare. This study was therefore designed to determine whether nutrition status at admission as diagnosed by PG-SGA by a qualified dietitian influences a combined clinical outcome of readmission or mortality within 7 days and between 8-180 days following discharge from hospital and whether malnutrition could be used as one of the predictors of early and late readmissions and death.
Methods

Study design and population
In this prospective cohort study, we included patients ≥60 years of age admitted to the 
Outcomes
We defined our primary outcome as a combined endpoint of either the first unplanned readmission to any of the acute care hospitals in the state of South Australia or death, within 0-7 days and between 8-180 days after discharge from index hospitalization. In this study unplanned readmission was defined as any unscheduled hospitalization to any hospital in the state of South Australia which was not for a planned investigation (eg, elective endoscopy) or non-emergent treatment (eg, planned drug infusion). The primary endpoint of readmissions or deaths were recorded from a central computer database, which captures these events for all state hospitals.
Nutritional status assessment
After obtaining written informed consent from patients, nutrition screening was performed by a member of the research team using the Malnutrition Universal Screening Tool (MUST) and all patients were then referred to a qualified dietitian for 
Covariates
A number of known variables which can influence outcomes after discharge from hospital were recorded at the baseline. Sociodemographic data, number of hospitalisations during the 6months before index admission and clinical information were recorded at the baseline. Comorbidity was assessed by the Charlson comorbidity index and the total number of medications were recorded at the time of admission.
Health-related quality of life (HRoL) was assessed using EuroQoL 5 dimensions 5 level (EQ-5D 5L) 15 infections. The acuity of the index admission was gauged from the total number of medical emergency response team calls and number of hours spent in the intensive care unit. Length of hospital stay (LOS) was determined from the day of admission to the day of discharge. We recorded any unplanned hospital presentations to any of the hospitals in South Australia within 0-7days and between 8-180days after discharge from hospital in addition to any recorded deaths at the same time points using central hospital computer database.
Statistics
Demographic variables were assessed for normality using Skewness and kurtosis (sk)
test. Data are presented as mean (SD) or median (IQR) and student t test and rank sum tests were applied as appropriate. Categorical variables are expressed as frequency and percent and compared using Pearson's x 2 or Fisher's exact test as appropriate.
Univariate logistic regression was used to assess the association between nutritional status and a combined end point of unplanned readmission or death within 7 days and between 8-180 days post-discharge. In a multivariate logistic regression analysis the relationship between readmission/death and nutrition status at admission was adjusted 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41 Table 2 ). The p-value for the Hosmer-Lemeshow goodness-offit was >0.05 for both the adjusted models, indicating a good fit. The variance inflation factors and tolerance were near 1.00 for all variables, excluding significant collinearity. The link test confirmed that the linear approach to model the outcomes was correct. The Kaplan meier survival curve ( Figure 1 ) shows that the nourished group had significant less readmissions and deaths at 180 days than the malnourished group (log rank chi2=0.11, p<0.001). 
Discussion
The results of the present study indicate that malnutrition at admission as determined by the PG-SGA, was a significant predicting factor of a combined end point of readmission or mortality in older general medical patients, both during early period as well as late after discharge from hospital. Malnutrition was associated with an almost four-fold increased risk of readmission or mortality within 7 days after discharge and the risk almost doubled between 8-180 days after discharge. Malnutrition remained a significant predictor even after adjustment for other covariates, which could have influenced clinical outcome.
One appealing explanation for these results is that the acute condition responsible for the index admission weakens the overall health of the patients and malnutrition further compounds this problem with a consequent higher risk of complications or exacerbations of previously stable comorbidities. 18 The post-discharge period is a fragile period, referred to as "post-hospital syndrome." 19 This syndrome has been suggested that malnutrition may mediate progression of the underlying heart disease due to low-grade inflammation leading to poor outcomes and was a significant predictor of readmissions.
22
Older general medical patients are known to have substantial long-term morbidity and mortality. Known risk factors for adverse events following discharge include multiple comorbidity, 23 severity of index admission and institutional care rather than domiciliary care. 2 Hospital readmissions represent a multifaceted problem that still needs better understanding. 18 Presumably there are other factors which influence patient outcomes after discharge which are not well known. What our study illustrates is that early and late post discharge outcomes in patients discharged from hospital appear to be associated with the presence of malnutrition early in the course of admission. While causation cannot be inferred from an observational study, the malnutrition-post discharge outcome has biological plausibility. 25 While the ideal intervention to improve nutritional status in hospitalized patients has yet to be identified, 26 the solution may lie in recognizing and managing malnutrition in the community well before any admission to hospital.
Limitations
This study has several limitations. Firstly, it is a single centre study in a tertiary care
hospital. The case mix of patients discharged from our hospital may differ from that of other hospitals, so the results may not be generalizable to other hospitals, especially to community hospitals, although it is likely to be similar to other academic hospitals in Australia. We were unable to adjust our analysis for functional status or other factors such as appropriateness of drugs, clinical stability at discharge or social factors that might influence readmission. This study involved older general medical patients who frequently suffer from multiple comorbidities and are our results may not be applicable to relatively younger subspeciality patients with single organ system involvement.
One of the strengths of this study is that it was a prospective study and diagnosis of malnutrition was confirmed by a comprehensive nutrition assessment tool by a dietitian. We were able to assess all readmissions in all the hospitals of the state 
Implications
This study has several implications. Transitions of care should focus not only on the acute condition but also on patients' nutrition status, because the latter may increase risk of readmission or death. There is a need for future well-designed studies to look into the beneficial effects of an intervention targeting malnutrition and whether this prevents readmissions and mortality. In the interim, nutritional intervention should be most effective if begun early during admission and should be continued in the community following discharge by referral to either a community dietitian or followup in outpatient dietetics clinics. Overall, public health policies to optimize nutrition of all those over 60 years of age may result in a reduction in health care utilization.
Conclusion
Impaired nutritional status at admission predicts poor clinical outcomes in both early and late post-discharge periods as determined by readmissions and mortality in older general medical patients and a targeted nutritional intervention may prove beneficial in malnourished patients.
Contributors: YS, CT and MM designed the study and YS, CT, BK and MM carried out the analysis and interpretation. YS and RS lead the study and was responsible for data acquisition. YS, PH and CH provided statistical input. YS and RS undertook 
ABSTRACT
Objective
The relationship between admission nutritional status and clinical outcomes following hospital discharge is not well established. This study investigated whether older patients' nutritional status at admission predicts unplanned readmission or death in the very early or late periods following hospital discharge.
Design, Setting and Participants
The study prospectively recruited 297 patients ≥60 years old who were presenting to the General Medicine Department of a tertiary care hospital in Australia. Nutritional status was assessed at admission by using the Patient Generated Subjective Global Assessment (PG-SGA) tool and patients were classified as either nourished (PG-SGA class A) or malnourished (PG-SGA classes B and C). A multivariate logistic regression model was used to adjust for other covariates known to influence clinical outcomes and to determine whether malnutrition is a predictor for early (0-7 days) or late (8-180 days) readmission or death following discharge.
Outcome measures
The impact of nutritional status was measured on a combined endpoint of any readmission or death within 0-7 days and between 8-180 days following hospital discharge.
Results
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Conclusions
Malnutrition in older patients at the time of hospital admission is a significant predictor of readmission or death both in the very early and in the late periods following hospital discharge. Nutritional state should be included in future riskprediction models.
Strengths and limitations of this study
• The research was a large prospective observational study evaluating the association between nutritional status and readmission or death in medical inpatients ≥ 60 years old.
• A dietitian used a comprehensive and valid nutritional assessment tool to confirm the malnutrition diagnosis.
• Readmissions presenting to all other hospitals were captured.
• The single-centre study included only older medical patients. The likelihood of an unplanned admission is highest in the immediate post-discharge period. 7 There may be advantages in predicting re-admissions that occur shortly after discharge. However, most studies have only assessed readmission patterns within 30 days of discharge, and few studies have examined readmission patterns up to 180 days post-discharge. 8 services; the analysis found these models had a poor predictive ability and suggested a need for high-quality data sources that include clinically relevant variables. 10 None of the studies included in this meta-analysis considered patients' nutritional status during index admission as a determinant of readmissions.
Studies suggest that up to 30% of hospitalised patients may be malnourished at the time of admission and that malnutrition has a negative impact on convalescence and reduces resistance to future infections and diseases causing poor clinical outcomes. [11] [12] [13] Older patients are at a high risk of malnutrition than others and reasons for poor nutritional status in this group are multifactorial and include physiological, social and psychological factors which affect food intake and weight and this is further exacerbated by underlying medical illness. 14 Few studies have assessed the association between nutritional status at admission and clinical outcomes in the very early and the late periods following hospital discharge. Furthermore, most of these studies are retrospective, and the use of a comprehensive nutritional assessment tool, like the Patient Generated Subjective Global Assessment (PG-SGA), to diagnose malnutrition is rare. Therefore, this study was designed to determine whether nutritional status at admission, as diagnosed by a qualified dietitian using PG-SGA, influences a combined clinical outcome of readmission or mortality within seven days and between 8-180 days following hospital discharge and whether malnutrition could be used as one of the predictors of early and late readmissions and death. 
METHODS
Study design and population
Outcomes
The study's primary outcome was a combined endpoint of either the first unplanned readmission to any of the acute-care hospitals in the state of South Australia or death, within 0-7 days and between 8-180 days after hospital discharge. In this study, unplanned readmission was defined as any unscheduled hospitalisation to any hospital in the state of South Australia that was not for a planned investigation (e.g., elective endoscopy) or non-emergent treatment (e.g., planned drug infusion). The primary endpoint of readmissions or deaths were recorded from a central computer database, which captures these events for all state hospitals. It is a standard policy in our hospital to screen all patients with MUST at the time of admission. MUST includes a body mass index (BMI) score, a weight loss score, and an acute disease score and classifies patients as low, moderate or high risk of malnutrition. 15 Following this all participating patients were then referred to a 
Nutritional status assessment
Covariates
Several known variables that can influence outcomes after hospital discharge were recorded at the baseline. Sociodemographic data, number of hospitalisations during 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
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For peer review only -http://bmjopen.bmj.com/site/about/guidelines.xhtml 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (Table 1) . Table 3 ). The p-value for the Hosmer-Lemeshow goodness-of-fit was > 0.05 for both the adjusted models, indicating a good fit. The variance inflation factors and tolerance were near 1.00 for all variables, excluding significant collinearity. The link test confirmed that the linear approach to model the outcomes was correct. The Kaplan Meier survival curve ( Figure 1) shows that the nourished group had significantly fewer readmissions and deaths at 180 days than the malnourished group (log rank chi2=11.4, p < 0.001). 
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DISCUSSION
The present study's results indicate that malnutrition at admission, as determined by the PG-SGA, was a significant predictor of a combined end-point of readmission or mortality in older general-medical patients, during both the early and late periods after hospital discharge. Malnutrition was associated with an almost four-fold increased risk of readmission or mortality within seven days after discharge, and the risk almost doubled between 8-180 days after discharge. Malnutrition remained a significant predictor even after adjustment for other covariates that could have influenced the clinical outcome.
One appealing explanation for these results is that the acute condition responsible for the index admission weakens the patient's overall health, and malnutrition further compounds this problem with a consequent higher risk of complications or exacerbations of previously stable comorbidities. 21 The post-discharge period is a fragile period, referred to as -'post-hospital syndrome'. 22 This syndrome has been described as a period of vulnerability due to impaired physiological systems, depleted reserves, and lower body resistance against health threats, on top of the recent acute illness responsible for the index admission. The current study's results introduce another dimension to this theory: impaired nutritional status may play a significant role in the post-discharge period beyond seven days. The acute illness and the stress of the index admission may exacerbate malnutrition, possibly inducing a relapse or predisposing the patient to new acute illnesses that increase the risk of readmission or mortality. 23 24 25 Studies in heart-failure patients have suggested that malnutrition may contribute to the progression of the underlying heart disease due to low-grade inflammation leading to poor outcomes and was a significant predictor of readmissions.
26
Older general-medical patients are known to have substantial long-term morbidity and mortality. Known risk factors for adverse events following discharge include multiple comorbidity, severity of index admission and institutional care rather than domiciliary care. 2 27 Hospital readmissions represent a multifaceted problem that require a better understanding. 21 Presumably there are other unknown factors that influence patient outcomes after discharge. The present study illustrates that early and late postdischarge patient outcomes appear to be associated with the presence of malnutrition during admission. While causation cannot be inferred from an observational study, the malnutrition-post-discharge outcome has biological plausibility.
To date, no study has included nutritional status in the development of a predictive tool for readmissions and this area needs further research. Studies do suggest that nutritional intervention initiated early during hospitalisation, by providing highenergy protein supplements with a continuation post-hospital discharge, does have a favourable impact on nutritional parameters and reduces the length of hospital stay;
however, its impact on mortality and readmissions is unclear, and such an intervention may be too late for some. 28 29 While the ideal intervention to improve nutritional status in hospitalised patients has yet to be identified, the solution may lie One of the study's strengths is that it was a prospective study and that the malnutrition diagnosis was confirmed by a dietitian using a comprehensive nutrition assessment tool. The study also assessed all readmissions in all state hospitals, unlike some other studies that were only able to capture readmissions to a single hospital.
IMPLICATIONS
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